SUMMARY We recently speculated that mitral-aortic separation (MAS) might be increased in discrete subaortic stenosis (DSS). We have examined this hypothesis in 22 heart specimens in which the subaortic obstruction originated on the muscular ventricular septum below the right aortic sinus, either as a discrete band, an accumulation of several bands or a diffuse ridge, and extended posteriorly into the MAS or anterior leaflet of the mitral valve or both, with a variable relationship to the aortic cusps and sinuses. No specimen had ventricular septal defect, supravalvular aortic stenosis or other features of Shone syndrome. The mean MAS was nearly twice that of 80 normal specimens (4.9 vs 2.5 mm), the range of MAS was increased from normal (0-11 vs 0-7 mm) and the mean diameter of the aortic annulus was decreased compared with the normal specimens, data that will be of interest to echo-and angiocardiographers in the clinical description of DSS, and to the surgeon who must resect these lesions.
IN DISCRETE SUBAORTIC STENOSIS (DSS)
, the left ventricular outflow tract is obstructed by a fibroelastic band or ridge of variable length, thickness, and relationship to the aortic valve.'1-2 The lesion may extend onto the anterior leaflet of the mitral valve.
Recently we described a spectrum of discontinuity between aortic and mitral valves in normal heart specimens as well as those with ventricular septal defect, and speculated that mitral-aortic separation (MAS) might be increased in subaortic stenosis. 13 The present paper examines this hypothesis in 22 heart specimens with DSS.
Materials and Methods
Of the 22 heart specimens with DSS, 12 were selected from the combined pathological collections of the University of Nebraska Medical Center, the Armed Forces Institute of Pathology and the UnitedMiller Hospitals; 10 specimens were from the Congenital Heart Disease Research and Training Center.
All specimens were from children or young adults, a number of whom had died after surgery to relieve the obstruction in the left ventricular outflow tract. At autopsy each specimen had been opened so that the aortic and mitral valve region could be studied as a unit.
In all specimens the subaortic obstruction was caused by fibroelastic tissue that originated on the muscular ventricular septum below the right aortic sinus (figs. 1-5). This tissue ranged from being a discrete band (figs. 1, 3 and 5) or an accumulation of several bands ( fig. 1 ) to a diffuse ridge ( fig. 2) .
Posteriorly, the extension of this band or ridge had a variable relationship to the noncoronary sinus of the aortic valve; when the band or ridge was located close to the noncoronary sinus, the valve leaflet was thicker than normal, and sometimes connected to the obstruction by membranous extensions of the band (figs. 3 and 4). The band or ridge terminated in the tissue between the aortic and mitral valves (figs. 3 and 4) or extended onto the anterior leaflet of the mitral valve ( fig. 1 ). In the one specimen considered to have a circumferential diaphragm, the membrane extended under the left coronary sinus as well. Several specimens could be considered transitional between DSS and tunnel-type stenosis, because of the width of the fibroelastic ridge ( fig. 2) and/or the degree of thickening of the anterior leaflet of the mitral valve, most marked on the posterior portion, and thick, short chordae tendineae.
Although the point of greatest thickening of the anterior leaflet of the mitral valve often lay opposite the band or ridge on the muscular ventricular septum, there was no consistent relationship between the two.
None of the specimens had ventricular septal defect, supravalvular aortic stenosis or additional features of the Shone syndrome'4 (coarctation of the aorta, parachute mitral valve, supravalvular mitral stenosis, bicuspid aortic valve). Although the aortic leaflets were often thickened, the commissures were normal.
As in our previous investigation, we defined MAS as the shortest distance between the base of either the noncoronary or left coronary cusps and the mitral annulus; in all but one specimen the shortest distance was beneath the noncoronary cusp. Since the mitral annulus is the fibrotic junction of the left atrium and the anterior leaflet of the mitral valve," MAS corresponds to the aortic-mitral fibrous continuity defined by previous investigators studying normal and cluded depth of the anterior leaflet of the mitral valve from the annulus to the center of its free margin, depth of the noncoronary sinus between the middle of its base and the aortic valve annulus, and the cir- cumference of the aortic and mitral valves at the annulus ( fig. 6 ). Independent measurements were made by two observers and the results averaged because they did not differ more than I mm for MAS and 2 mm for other measurements. Measurements were compared with those from 80 normal heart specimens (15 children, 65 adults). Statistical comparison of the two groups was made using the paired t test.
Results
The circumference of the mitral valve and depths of the noncoronary sinus of the aortic valve and anterior leaflet of the mitral valve were similar in normal specimens and those with DSS (table 1). The circumference of the aortic valve was significantly less in DSS specimens than in normal hearts (45.7 mm vs 59.2 mm, p < 0.001). The mean MAS in DSS specimens (4.9 mm) was twice that of normal specimens (2.4 mm, p < 0.0001). The range of MAS was greater in DSS (0-11 mm) than in the normal specimens (0-7 mm).
Discussion
In a previous paper,13 we speculated that the MAS was wider in some normal heart specimens than in others because the regression or absorption of the bulboauricular or conoventricular flange in early heart development had been delayed. In some specimens, the MAS was 0; in others, it equaled one-third the diameter of the aorta. The alternative argument that MAS is increased as the result of a decrease in the depth of the noncoronary cusp is refuted by the increase in this measurement in DSS compared with normals.
The finding that the aortic annulus may be smaller than normal in DSS suggests that fixed obstruction in the left ventricular outflow tract is a spectrum that may involve several anatomical sites. The smaller annulus may have resulted from proximity of the subvalvular obstruction to the valve or alterations in flow patterns during crucial periods of development.
Our studies may be of value to echo-and angiocardiographers in the clinical description of discrete subaortic obstruction and to the surgeon who must resect these lesions. We plan to extend these studies to include tunnel subaortic stenosis,'9 and the left ventricular outflow tract obstruction associated with the Shone syndrome.'4 We expect to find a high incidence of increased MAS and small aortic annulus in these anomalies as well. REDUCTION OF SYSTEMIC blood pressure to normal or near-normal levels is a major therapeutic goal in surgical correction of coarctation of the aorta. The attainment of this goal is controversial, although significant reductions in resting systemic blood pressure are generally achieved. However, recent reports vary in their conclusions about long-term results on hypertension.'"6 In this paper we report the statistical analysis of blood pressure on 75 patients who underwent surgical repair of a coarctation after age I year, with a minimum follow-up of 5 years. Systolic and diastolic blood pressure distributions from these patients were compared statistically with those of the normal population.7'8 Premature death from cardiovascular disease after apparently successful surgical repair of coarctation has also become of more concern. A recent report suggests that the presence of associated congenital heart disease is a factor,2 and this was an important point in our analysis.
Methods
Patients younger than 1 year of age at the time of the initial operation were not included in this study, since they had a high incidence of restenosis (32%) compared with only 2.6% in those requiring surgery after 1 year of age. We obtained most of the data from the records of 111 male and 46 female patients who underwent surgery to repair coarctation of the aorta at the University of Virginia Hospital (UVH) from 1954-1976. Age at operation ranged from 1-49 years, with a median of 13.5 years ( fig. 1) . Most (85%) of the
